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(54) FUEL CELL, FUEL CELL SEPARATOR, AND METHOD OF MANUFACTURE OF SEPARATOR 



(57) The present invention relates to a fuel battery 
20A in which fuel gas and oxidizing agent gas are used 
as reaction gases and relates to a separator 26 for the 
fuel battery 20A and a manufacturing method of the 
separator 26. The separator 26 is composed of a flat 
plate 26a arranged in the fuel battery 20A to form a 
reaction chamber therein and a plurality of projections 
26b projected from the flat plate 26a and placed in con- 
tact with electrode plates 25a, 25b. The projections 26b 
are made of a different kind of conductive material inde- 
pendently from the flat plate 26a. For example, the pro- 
jections 26b each are in the form of a conductive pillar 
body made of pressed carbon powder and assembled 
with a plurality of mounting holes formed in the flat plate 
26a to provide the separator 26. The separator 26 can 
be provided at a lower cost than a conventional separa- 
tor made of carbon in "its entirety. The fuel battery 20A 
assembled therein with a plurality of the separators 26 
can be provided at a lower cost than a conventional fuel 
battery of this kind. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

[0001] The present invention relates to a fuel bat- 
tery in which fuel gas and oxidizing agent gas are used 
as reaction gases and also relates to a separator for the 
fuel battery and a manufacturing method of the separa- 
tor. 

Technical background: 

[0002] Disclosed in Japanese Patent Laid-open 
Publication Nos. 8-507402 and 11 -126621 is a fuel bat- 
tery in which fuel gas and oxidizing agent gas are used 
as reaction gases. The fuel battery is composed of a 
plurality of cell function assemblies arranged in parallel 
and fastened by a plurality of mounting bolts through a 
pair of spaced current-collecting plates made of con- 
ductive material and a pair of spaced insulation support 
plates. The cell function assemblies each are in the 
form of a cell function assembly 10a as shown in Fig. 1 . 
The cell function assembly 1 0a is composed of a set of 
spaced solid electrolytic membranes 14, two pairs of 
electrode plates 13a, 13b adhered to opposite surfaces 
of each solid electrolytic membrane 14, and a set of 
three separators 15 assembled to retain the solid elec- 
trolytic membranes 14 in position. The separators 15 
are adhered to one another by means of an adhesive 
agent such as epoxy resin and fastened by mounting 
bolts through a pair of spaced current-collecting plates 
1 1 and a pair of spaced insulation support plates 12. 
[0003] In the fuel battery, the separator 15 is, in 
general, made of conductive material such as carbon 
resistant to oxidation-reduction atmosphere caused by 
chemical reaction of the reaction gases. The separators 
15 are arranged to form reaction chambers R1, R2 for 
chemical reaction of the reaction gases in the cell func- 
tion assembly 10a and to derive an electric power gen- 
erated at the electrode plates 13a, 13b to the exterior. 
The separator 15 has a flat plate portion 15a forming 
the reaction chambers R1, R2 and a plurality of colum- 
nar projections 15b in contact with the electrode plates 
13a, 13b. 

[0004] For manufacture of the separator 15, an 
expensive carbon block of predetermined thickness is 
used as a material of the separator 15. In a manufactur- 
ing process of the separator 15, the carbon block is 
machined by cutting at one side or both sides thereof to 
form the columnar projections 15b of separator 15. As 
the cutting process of the carbon block is time-consum- 
ing, the manufacturing cost of the separator 15 
becomes very expensive, for example, several ten thou- 
sand yen per one piece. Due to such expensive manu- 
facturing cost, use of this kind of fuel batt ry may not be 
widely popularized. 



[0005] As the separator 1 5 in the fuel battery is con- 
ductive in its entirety, the components of cell function 
assembly 10a are electrically connected. For this rea- 
son, an electric power may not be generated at different" 

5 voltages in the fuel battery. 

[0006] It is, therefore, a primary object of the 
present invention to reduce the manufacturing cost of 
the separator as lower as possible for providing this kind 
of fuel batteries at a low cost. 

io [0007] A secondary object of the present invention 
is to provide this kind of fuel batteries capable of gener- 
ating an electric power at different voltages in a range 
from a high voltage to a low voltage. 

15 DISCLOSURE OF THE INVENTION 

[0008] The present invention relates to a fuel bat- 
tery of the type in which fuel gas and oxidizing agent 
gas are used as reaction gases and relates to a separa- 
te tor for the fuel battery and a manufacturing method of 
the separator. 

[0009] A separator in accordance with the present 
invention comprises a flat plate arranged to form a reac- 
tion chamber, a plurality of projections projected from 

25 the flat plate and retained in contact with an electrode 
plate of the fuel battery, wherein the projections are 
made of a conductive material different from the mate- 
rial of the flat plate and independently from the flat plate. 
[0010] In the separator, the projections may be 

30 made of carbon or in the form of an insulation plate. The 
projections may be also made of synthetic resin, in the 
form of a conductive plate or made of synthetic resin 
containing carbon. 

[0011] Since the separator is composed of the flat 
35 plate of synthetic resin and the projections of pressed 
carbon powder mounted to the flat plate thereacross, 
the separator can be manufactured in a simple manner 
at a low cost without use of any expensive carbon block 
and without the cutting process required for manufac- 
40 ture of a conventional separator. This is useful to pro- 
vide the fuel battery at a lower cost than a conventional 
fuel battery of this kind. 

[001 2] A f ue! battery in accordance with the present 
invention is composed of one or a plurality of cell func- 

45 tion assemblies arranged in parallel, wherein the cell 
function assembly comprises an electrolytic membrane, 
a pair of electrode plates in contact with opposite sur- 
faces of the electrolytic membrane, a first separator 
placed in contact with one of the electrode plates to 

so form a reaction chamber supplied with fuel gas, a sec- 
ond separator placed n contact with the other electrode 
plate to form a reaction chamber supplied with oxidizing 
agent gas, and a set of current-collecting plates assem- 
bled respectively in contact with the first separator at an ■ 

55 outermost side of the cell function assembly and the 
second separator at another outermost side of the cell 
function ass mbly, and wherein th s parator in accord- 
ance with th present invention is used as th first and 
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second separators. 

[001 3J As the inexpensive separator is used in the 
fuel battery, the manufacturing cost of the fuel battery 
can be reduced in comparison with the conventional 
fuel battery of this kind. 

[0014] In the fuel battery in accordance with the 
present invention, the electrode plate and the current- 
collecting plate can be formed as a single flat plate or 
formed in a divided condition in a longitudinal direction 
or width direction. 

[0015] In the case that a separator with an insula- 
tion flat plate is used as the separator in the fuel battery, 
the current-collecting plates each may be divided into a 
plurality of spaced plates. To correspond with the cur- 
rent-collecting plates, the electrode plates each may be 
divided into a plurality of spaced plates in a longitudinal 
direction or width direction of the electrolytic membrane. 
In the fuel battery, a plurality of cell function portions are 
formed in an electrically separated condition. In the 
case that the cell function portions are electrically con- 
nected in an appropriate manner in the interior or exte- 
rior of the fuel battery, an electric power can be 
generated at different voltages from a lower voltage to a 
higher voltage. 

[0016] A first manufacturing method of the separa- 
tor in accordance with the present invention comprises 
a first process of pressing carbon powder to form the 
projections, a second process of coating a sealing 
adhesive agent on a flat plate of synthetic resin, and a 
third process of assembling the projections with a plu- 
rality of mounting holes formed in the flat plate in posi- 
tion. 

[0017] A second manufacturing method of the sep- 
arator in accordance with the present invention com- 
prises a first process of heating carbon powder 
containing a binder under pressure to form the projec- 
tions, a second process of coating a sealing adhesive 
agent on a flat plate of synthetic resin, and a third proc- 
ess of assembling the projections with a plurality of 
mounting holes form in the fiat plate and securing the 
projections in position. In the manufacturing method, 
the projections can be heated by an electric current 
applied thereto to melt the binder contained therein and 
hardened by cooling. 

[0018] A third manufacturing method of the separa- 
tor in accordance with the present invention comprises 
a first process of pressing carbon powder containing a 
binder to form the projections, a second process of 
assembling the projections with a plurality of mounting 
holes formed in a fiat plate of synthetic resin, and a third 
process of heating the projections under supply of an 
electric current to melt the binder contained therein and 
cooling the projections to harden them in position. 
[0019] A fourth manufacturing method of the sepa- 
rator in accordance with the present invention com- 
prises a first process of pressing carbon powder to form 
the projections under pressure, a second process of 
coupling the projections within corresponding recesses 



4 

formed in each cavity of molding dies and clamping the 
molding dies, and a third process of injecting melted 
synthetic resin into the cavity of the molding dies in a 
clamped condition. In the fourth manufacturing method, 

5 a binder may be contained as a forming material in the 
carbon powder, and the carbon powder may be heated 
under pressure to form the projections. 
[0020] A fifth manufacturing method of the separa- 
tor in accordance with the present invention comprises 

10 a first process of filling carbon powder containing a 
binder in a plurality of upward recesses formed in a 
lower molding die in such a manner as to correspond 
with the projections, a second process of positioning a 
flat plate formed with a plurality of through holes on the 

is lower molding die in such a manner that the through 
holes of the flat plate are opposed to the upward 
recesses of the lower molding die and positioning an 
upper molding die formed with a plurality of downward 
recesses on the flat plate so that the downward 

20 recesses of the upper molding die are opposed to the 
upward recesses of the lower molding die, and a third 
process of pressing the carbon powder filled in the 
upward recesses of the lower molding die toward the 
upper molding die by means of pressure means dis- 

25 posed in each bottom of the upward recesses so that 
the projections are formed across the through holes of 
the flat plate, of healing under supply of an electric cur- 
rent to melt the binder contained in the projections and 
of cooling the projections to harden them in position. 

30 [0021] With the manufacturing methods described 
above, a separator composed of a flat plate of synthetic 
resin provided with a plurality of projections made of 
carbon can be manufactured at a low cost. 

35 BREIF DESCRIPTION OF THE DRAWINGS 

[0022] In the drawings: 

Fig. 1 is a vertical sectional view of a portion of a 
40 conventional fuel battery; 

Fig. 2 is a perspective view of an embodiment of a 
fuel battery in accordance with the present inven- 
tion; 

Fig. 3 is a vertical sectional view of the fuel battery 
45 taken along line X — X in Fig. 2; 

Fig. 4 is a perspective view illustrating a separator 
and a pair of support frames assembled in the fuel 
battery shown in Fig. 3; 

Fig. 5 is a perspective view of another embodiment 
so of a fuel battery in accordance with the present 
invention; 

Fig. 6 is a sectional view of the fuel battery taken 
along line Y — Y in Fig. 5; 
Fig. 7 is a perspective view illustrating a set of sep- 
55 arators, a set of electrolytic membranes, a set of 
electrode plates and a pair of support frames 
assembled in the fu I battery shown in Fig. 5; 
Rg. 8 illustrates a manufacturing process of the 
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separator in accordance with the present invention; 
Rg. 9 illustrates a process for forming projections of 
the separator in accordance with the present inven- 
tion; 

Rg. 10 illustrates a mounting process of projections 
of the separator; 

Rg. 1 1 illustrates a process for forming projections 
of the separator on the flat plate; and 
Rg. 12 illustrates another process for forming pro- 
jections of the separator on the flat plate. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

First embodiment of Fuel battery: 

[0023] Illustrated in Figs. 2 and 3 is a first embodi- 
ment of a fuel battery 20A in accordance with the 
present invention, in which hydrogen gas is used as fuel 
gas and air is used as oxidizing agent gas. Assembled 
in the fuel battery 20 are separators in accordance with 
the present invention. The fuel battery 20A is composed 
of a plurality of cell function assemblies 20a arranged in 
parallel and fastened by a plurality of mounting bolts 23 
through a pair of spaced current-collecting plates 21a, 
21b made of conductive material such as stainless steel 
and a pair of spaced insulation support plates 22 made 
of synthetic resin such as polypropylene. 
[0024] As shown in Fig. 3, the cell function assem- 
blies 20a each are composed of a set of spaced solid 
electrolytic membranes 24, two pairs of electrode plates 
25a, 25b adhered to opposite surfaces of each solid 
electrolytic membrane 24, a set of three separators 26 
and a set of six support frames 27 assembled to retaine 
the solid electrolytic membranes 24 and separators 26 
in position. In the respective cell function assemblies 
20a, the solid electrolyte membrane 24 is made of ion- 
exchange resin such as Nation (a trade name of a poly- 
mer made by du Pon), the electrode plates 25a, 25b 
each are in the form of a porous conductive plate made 
of carbon fabric with platinum catalyst deposited 
therein, and the support frame 27 is in the form of an 
insulation frame made of synthetic resin such as poly- 
propylene. 

[0025] The separator 26 is in the form of a rectan- 
gular flat plate 26a provided with a number of projec- 
tions 26b. The flat plate 26a is in the form of an 
insulation plate made of synthetic resin such as polypro- 
pylene, and the projections 26b each are in the form of 
a conductive pillar body made of pressed carbon pow- 
der. The projections 26a are mounted within a number 
of mounting holes in the flat plate 26a and secured to 
the flat plate 26a in a condition where they are projected 
in the same length from opposite surfaces of the flat 
plate 26a. As shown in Fig. 4, the separator 26 has a 
fuel gas inlet hole 26c1 formed in an upper portion of flat 
plate 26a for providing a supply passage P1 of fuel gas, 
a fuel gas outlet hole 26c2 formed in a lower portion of 
flat plat 26a for providing an exhaust passage of the 



fuel gas. The separator 26 is further provided with an 
inlet hole 26d1 of oxidizing agent gas formed in a right- 
hand portion of flat plate 26a for providing a supply pas- 
sage P3 of oxidizing agent gas, an outlet hole 26d2 of 

5 the oxidizing agent gas formed in a left-hand portion of 
flat plate 26a for providing an exhaust passage P4 of the 
oxidizing agent gas, an inlet hole 26e1 of cooling water 
formed in a right-hand upper corner of flat plate 26a for 
providing a supply passage P5 of cooling water, and an 

10 outlet hole 26e2 of cooling water formed in left-hand 
lower corner of flat plate 26a for providing a discharge 
passage P6 of cooling water. 

[0026] The support frames 27 each are in the form 
of a rectangular flat plate formed at its central portion 

rs with a square opening 27a and formed at its outer 
peripheral portion with inlet and outlet holes 27b1 , 27b2 
of fuel gas respectively corresponding with the inlet and 
outlet holes 26c 1 , 26c2 of fuel gas formed in the sepa- 
rator 26, inlet and outlet holes 27c 1 , 27c2 of oxidizing 

20 agent gas respectively corresponding with the inlet and 
outlet holes 26d1 , 26d2 of oxidizing agent gas formed in 
the separator 26, and inlet and outlet holes 27d1 , 27d2 
of cooling water respectively corresponding with the 
inlet and outlet holes 26e1, 26e2 of cooling water 

25 formed in the separator 26. 

[0027] The inlet and outlet holes 27b1, 27b2 of fuel 
gas are fitted with the corresponding inlet and outlet 
holes 26c1 , 26c2 of fuel gas in the separator 26 for prov- 
ing the supply passage P1 and exhaust passage P2 of 

30 fuel gas, and the inlet outlet holes 27c1 , 27c2 of oxidiz- 
ing agent gas are fitted with the corresponding inlet and 
outlet holes 26d1, 26d2 of oxidizing agent gas in the 
separator 26 for providing the supply passage P3 and 
exhaust passage P4 of oxidizing agent gas. Similarly, 

35 the inlet and outlet holes 27d1 , 27d2 of cooling water 
are fitted with the corresponding inlet and outlet holes 
26e1 , 26e2 of cooling water in the separator 26 for pro- 
viding the supply passage P5 and discharge passage 
P6 of cooling water. 

40 [0028] The cell function assemblies 20a each 
include two sets of electrode plates 25a, 25b respec- 
tively adhered to two spaced solid electrolytic mem- 
branes 24 and three separators 26 which are alternately 
arranged and supported by six support frames 27. 

45 Thus, the fuel battery 20A is composed of a plurality of 
the cell function assemblies 20a each provided with a 
pair of current-collecting plates 21a, 21b and arranged 
in parallel between the support plates 22. 
[0029] In the respective cell function assemblies 

so 20a, the space between the solid electrolytic mem- 
branes 24 is subdivided by the flat plate 26a of the 
interim separator 26 into reaction chambers R1 and R2. 
The reaction chamber R1 is exposed to the electrode 
plate 25a and supplied with fuel gas such as hydrogen 

55 gas, while the reaction chamber R2 is exposed to the 
electrode plate 25b and supplied with oxidizing agent 
gas such as air. The space between the left-hand solid 
electrolytic membrane 24 and the I ft-hand support 
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plate 22 is subdivided by the flat plate 26a of the left- 
hand separator 26 into a reaction chamber R1 which is 
exposed to the electrode plate 25a and supplied with 
the fuel gas, while the space between the right-hand 
solid electrolytic membrane 24 and the right-hand sup- 
port plate 22 is subdivided by the flat plate 26a of the 
right-hand separator 26 into a reaction chamber R2 
which is exposed to the electrode plate 25b and sup- 
plied with the oxidizing agent gas. The space between 
the separators 26 positioned at one sides of the cell 
function assemblies 20a adjacent to each other is 
formed as a cooling chamber R3 which is supplied with 
cooling air. The projections 26b of the interim separator 
26 are retained in contact with the electrode plates 25a 
and 25b opposed to one another through the opening 
27a of support frame 27. The projections 26b of the left- 
hand separator 26 are retained in contact with the elec- 
trode plate 25a and the left-hand current collecting plate 
21a at their opposite ends, while the projections 26b of 
the right-band separator 26 are retained in contact with 
the electrode plate 25b and the right-hand current col- 
lecting plate 21 b at their opposite ends. 
[0030] When the fuel battery 20 A is not used, as 
shown in Fig. 2, the supply passage P1 and exhaust 
passage P2 of fuel gas, the supply passage P3 and 
exhaust passage P4 of oxidizing agent gas and the sup- 
ply passage P5 and discharge passage P6 of cooling 
water each are closed by closure plugs 28. in use of the 
fuel battery 20 A, the closure plugs 28 are removed to 
open the respective passages P1 — P6 and the inlet 
ports of supply passages P1 , P3 and P5 are connected 
to supply sources of hydrogen gas, air and cooling 
water, respectively. In such a condition, the fuel battery 
20A is used under supply of the hydrogen gas, air and 
cooling water into the cell function assemblies 20a. 
[0031] In the fuel battery 20A, the hydrogen gas is 
supplied into the reaction chambers R1 of the cell func- 
tion assemblies 20a through the supply passage P1 and 
exhausted from the exhaust passage p2, and the air is 
supplied into the reaction chambers R2 of the cell func- 
tion assemblies 20a through the supply passage P3 and 
exhausted from the exhaust passage P4. The cooling 
water is supplied into the cooling chamber R3 of the cell 
function assemblies 20a through the supply passage P5 
and discharged from the discharge passage P6. The 
hydrogen gas and air supplied into the reaction cham- 
bers R1 and R2 causes an oxidation-reduction reaction 
through the solid electrolytic membranes 24 to generate 
an electric power at the electrode plates 25a, 25b. The 
oxidation-reduction reaction of hydrogen gas and air is 
enhanced by the platinum catalyst contained in the 
electrode plates 25a, 25b, and the generated electric 
power is derived to the exterior from the projections 26b 
of separators 26 retained in contact with the electrode 
plates 25a, 25b through the current collecting plates 
21a, 21b. During use of the fuel battery 20A, the cell 
function assemblies 20a are cooled by the cooling water 
supplied into the cooling chamber R3 through the air 



supply passage P5. 

[0032] Since the separators 26 assembled in the 
fuel battery 20A each are composed of the flat plate 26a 
of synthetic resin and the projections 26b of pressed 

5 carbon powder mounted to the flat plate 26a therea- 
cross as described above, the separators 26 can be 
manufactured in a simple manner at a low cost without 
use of any expensive carbon block and without the cut- 
ting process required for manufacture of a conventional 

70 separator. This is useful to provide the fuel battery 20A 
at a lower cost than a conventional fuel battery of this 
type. 

[0033] Although in the fuel battery 20A, the insula- 
tion flat plate 26a of synthetic resin and the conductive 
15 projections 26b of pressed carbon powder have been 
adapted to provide the separator 26, the flat plate 26a 
may be replaced with a conductive flat plate made of 
synthetic resin containing carbon powder. 

20 Second embodiment of Fuel battery: 

[0034] Illustrated in Figs. 5 and 6 is a second 
embodiment of a fuej battery 20B in accordance with 
the present invention. In the fuel battery 20B, the hydro- 
ps gen gas is used as fuel gas, the air is used as oxidizing 
gas, and the separators 26 in accordance with the 
present invention are assembled therein, as in the fuel 
battery 20A of the first embodiment As shown in Fig. 5, 
the fuel battery 20 B is composed of a plurality of cell 

30 function assemblies 20b arranged in parallel and 
assembled with left-hand current-collecting plates 21 a1 
— 21 a4, right-hand current-collecting plates 21 b1 — 
21 b4 and a pair of spaced insulation support plates 22 
which are fastened in place by means of a plurality of 

35 mounting bolts 23. The current-collecting plates 21 a1 — 
21a4 and 21 b1 — 21b4 are made of conductive mate- 
rial such as stainless steel as in the fuel battery 20A of 
the first embodiment, and the support plates 22 are 
made of synthetic resin such as polypropylene. 

40 [0035] As shown in Figs. 6 and 7, the cell function 
assemblies 20b each are composed of a set of spaced 
solid electrolytic membranes 24, four electrode plates 
25a1 — 25a4 adhered to each left-side surface of solid 
electrolytic membranes 24, four electrode plates 25b 1 

45 — 25b4 adhered to each right-side surface of solid elec- 
trolytic membranes 24, a set of three separators 26, and 
a set of six support frames 27 assembled to alternately 
retain the solid electrolytic membranes 24 and separa- 
tors 26 in position. 

so [0036] In the fuel battery 20B, the current-collecting 
plates 21 a1 — 21 a4, 21 b1 — 21 b4 are made of the 
same material as that of the current-collecting plates 
21a, 21b in the fuel battery 20A and divided into four 
pieces. The solid electrolytic membranes 24, separators 

55 26 and support frames 27 are the same as those in the 
fuel battery 20A of the first embodiment. The electrode 
plates 24a1 — 25a4 and 25b1 — 25b4 are made of the 
same material as that of the lectrode plates 25a, 25b in 
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the fuel battery 20A and divided into four pieces, 
respectively. In a condition where the electrode plates 
25a1 — 25a4 and 25b1 — 25b4 have been assembled 
in the fuel battery 20B, they are opposed to the current- 
collecting plates 21 al — 21a4 and 21 bl — 21b4, 
respectively. The other construction of the fuel battery 
20B is the same as that of the fuel battery 20A 
[0037] In the fuel battery 20B, the projections 26b of 
separators 26 in each cell function assembly 20b are 
retained in contact with the electrode plates 25a1 — 
25a4 and 25b1 — 25b4 adhered to opposite surfaces of 
each solid electrolytic membrane 24 to provide four 
independent single cells corresponding with four sets of 
current collecting plates 21 a1, 21 b1; 21 a2, 21 b2; 21 a3, 
21 b3; 21 a4, 21 b4 in the fuel battery 20B. Thus, in the 
fuel battery 20B, an electric power can be derived from 
each set of the current collecting plates and can be 
optionally generated at a different voltage by appropri- 
ate electric connection of each set of the current-collect- 
ing plates. 

[First manufacturing method of Separator] 

[0038] The separator 26 can be manufactured at a 
lower cost less than the conventional separator for the 
following reason. As shown in Fig. 8, the separator 26 is 
manufactured by a first process of forming the projec- 
tions 26b under pressure, a second process of coating 
a sealing adhesive agent on opposite surfaces of the flat 
plate 26a of synthetic resin preliminarily formed in a per- 
forated flat plate, and a third process of assembling the 
projections 26b with a number of mounting holes of the 
flat plate 26a thereacross so that the projections 26b 
are secured by the adhesive agent in position. 
[0039] In the manufacturing processes, carbon 
powder of less than 100 nm in pore size is used as a 
material of the projections 26b and pressed under a 
high pressure of from 500 kgf/cm 2 to 5000 kgf/cm 2 to 
form the projections 26b, for example, of 2 mm in diam- 
eter and 3 mm in length. The flat plate 26a is preliminar- 
ily prepared by an injection forming process and is 
formed with the inlet holes 26c1 — 26e1, outlet holes 
26c2 — 26e2 and the mounting holes for engagement 
with the projections 26b. The flat plate 26a is made of 
synthetic resin such as polypropylene and prepared in 
the form of a square insulation plate of 1 mm in thick- 
ness and 150 mm in width. The mounting holes for 
engagement with the projections 26b may be formed 
during the forming process of the flat plate 26a or 
formed by drilling after the forming process of the flat 
plate 26a. The flat plate 26a may be made of synthetic 
resin containing carbon powder. In such a case, the flat 
plate 26a becomes conductive. 
[0040] The sealing adhesive agent is used to 
secure the projections 26b assembled with the mount- 
ing holes of flat plate 26a in position in an air-tight man- 
ner. It is, therefore, preferable that the adhesive agent is 
coated on opposite surfaces of the flat plat 26a and 



inner peripheries of the mounting holes. As the adhe- 
sive agent, synthetic resin adhesive of acetic vinyl or 
polyester is used. In a condition where the projections 
26b have been assembled with the mounting holes of 

5 flat plate 26a coated with the adhesive agent, the pro- 
jections 26b are secured to the mounting holes of flat 
plate 26c in an air-tight manner by hardening of the 
adhesive agent In the case that the flat plate 26a is pre- 
pared without the inlet holes 26c1 — 26e1 and outlet 

w holes 26c2 — 26e2, the flat plate 26a is formed with the 
inlet holes 26c1 — 26e1 and outlet holes 26c2 — 26e2 
after the projections 26b have been secured thereto. 

[Second manufacturing method of Separator] 

15 

[0041] In a second manufacturing method of the 
separator 26, carbon powder containing a binder is 
used as a material of the projections 26b. Although this 
manufacturing method is substantially the same as the 

20 first manufacturing method, the carbon powder is 
pressed under a medium pressure at a room tempera- 
ture during the first forming process of the projections 
26b, and the binder in carbon powder is molten by heat 
during the pressing process. Illustrated in Fig. 9 is a 

25 press-forming device which includes a die 31 filled with 
the carbon powder containing the binder, a punch 32 for 
pressing the carbon powder, and means for applying an 
electric current between the die 31 and punch 32. 
[0042] In the manufacturing method, a thermoplas- 

30 tic binder of phenol resin is used as the binder. In such 
a case, the carbon powder is uniformly mixed with the 
binder of 10 — 20% by weight and pressed under a 
medium pressure of from 50 kgf/cm2 to 500 kgf/cm 2 at 
a room temperature during which an electric current of 

35 20 A to 50 A is applied at a voltage of 12 V between the 
die 31 and punch 32 for one second. In this instance, 
the binder in carbon powder is melted in a moment and 
hardened by cooling Immediately after the supply of the 
electric current is stopped. With the manufacturing 

40 method, the projections 26b can be formed under a 
lower pressure than the forming pressure in the first 
manufacturing method. 

[Third manufacturing method of Separator] 

45 

[0043] In a third manufacturing method of the sepa- 
rator 26, carbon powder containing a binder is used as 
a material of the projections 26b. In this case, the sepa- 
rator 26 is manufactured by a first process of forming 

so the projections 26b under pressure, a second process 
of assembly the projections 26b with a number of 
mounting holes formed in a flat plate 26a of synthetic 
resin and securing the projections in position, and a 
third process of heating the projections 26b mounted to 

55 the flat plate 26a so that the binder in projections 26b is 
melted by heat. 

[0044] In th manufacturing method, for example, a 
th rmoplastic bind r of phenol resin is used as the 
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binder. In this case, the carbon powder is pressed under 
a medium pressure of from 50 kgf/cm 2 to 500 kgf/cm 2 at 
a room temperature during the first process, and as 
shown in Fig. 10, the projections 26b mounted to the flat 
plate 26a are placed between a pair of electrode plates 5 
33a, 33b and applied with an electric current of from 5 A 
to 20A at a voltage of 12V per one projection for one 
second. In this instance, the binder in projection 26b is 
melted in a moment and hardened by cooling immedi- 
ately after the supply of the electric current is stopped. 10 
With the manufacturing method, the projections 26b of 
the same strength and hardness as those of the projec- 
tions in the first manufacturing method can be formed 
without any use of a sealing adhesive agent, and the 
mounting strength of the projections 26b is enhanced. 75 

[Fourth manufacturing method of Separator] 

[0045] In a fourth manufacturing method of the sep- 
arator 26, carbon powder containing a binder is used as 20 
a material of the projections 26b. In this case, the sepa- 
rator 26 is manufactured by a first process of pressing 
the carbon powder to form the projections 26b under 
pressure, a second process of coupling the projections 
26b within corresponding recesses formed in each cav- 25 
ity of molding dies and clamping the molding dies, and 
a third process of injecting melted synthetic resin into 
the cavity of the molding dies in a clamped condition. 
[0046] During the first process, the carbon powder 
is pressed under a high pressure of from 500 kgf/cm 2 to 30 
5000 kgf/cm 2 at a room temperature. During the second 
process, as shown in Fig. 1 1 , the projections 26b are 
coupled within the corresponding recesses 34a1 
formed in a lower molding die 34a of a molding device 
34, and an upper molding die 34b is placed on the lower 35 
molding die 34a in such a manner that the projections 
26b are coupled within the corresponding recesses 
34b1 formed in the upper molding die 34b. In such a 
condition, the molding dies 34a and 34b are clamped. 
During the third process, thermoplastic resin such as 40 
polypropylene in a melted condition is injected from an 
injection molding machine 35 into a cavity 34c of the 
molding device 34. Thus, the flat plate 26a of synthetic 
resin is formed in the cavity 34c of molding device 34, 
and the projections 26b are integrally formed with the 45 
flat plate 26a. 

[0047] With the manufacturing method described 
above, the projections 26b can be integrally formed with 
the fiat plate 26a during the forming process of flat plate 
26a without forming a number of mounting holes in the so 
fiat plate 26a and without use of a sealing adhesive 
agent. Although in the manufacturing method, the car- 
bon powder is used without containing any binder, car- 
bon powder containing a binder may be used as a 
material of the separator 26. In such a case, the carbon 55 
powder is formed by heat-pressing as in the second 
manufacturing method. 



[Fifth manufacturing method of Separator] 

[0048] In a fifth manufacturing method of the sepa- 
rator 26, carbon powder containing a binder is used as 
a material of the separator 26. In this case, the separa- 
tor 26 is manufactured by a first process of filling the 
carbon powder in a plurality of recesses formed in a 
lower molding die in such a manner as to correspond 
with the projections 26b, a second process of position- 
ing a flat plate 26a formed with a plurality of through 
holes on the lower molding die in such a manner that 
the through holes of the flat plate are opposed to the 
recesses of the lower molding die, and a third process 
of pressing the carbon powder filled in the recesses of 
the lower molding die toward an upper molding die by 
means of pressure pistons disposed in each bottom of 
the recesses so that the projections 26b are formed 
across the through holes of the flat plate and of heating 
the projections 26b by supply of an electric current to 
melt the binder contained in the projections 26b. 
[0049] Illustrated in Fig. 12 is the third process in 
which a molding device 35 is used to integrally form the 
projections 26b with the fiat plate 26a. The molding 
device 35 is composed of a lower molding die 35a, an 
upper molding die 35b and a plurality of pressure pis- 
tons 35c disposed in each bottom of upward recesses 
35a1 formed in the lower molding die 35. In the manu- 
facturing method, the carbon powder containing the 
binder is filled in the upward recesses 35a1 of lower 
molding die 35a during the first process. During the sec- 
ond process, the fiat plate 26a is positioned on the lower 
molding die, and the upper molding die 35b is placed on 
the fiat plate 26a in a condition where a plurality of 
downward recesses 35b 1 formed in the upper molding 
die 35b are opposed to the upward recesses 35a1 of 
lower molding die 35a. In this case, the flat plate 26a is 
in the form of a flat plate of synthetic resin formed with a 
plurality of through holes 26al opposed to the upward 
recesses 35a1 of lower molding die 35. 
[0050] During the third process, the pressure pis- 
tons 35c are moved underpressure to press upward the 
carbon powder filled in the recesses 35a1 of lower 
molding die 35a so that a portion of the carbon powder 
is introduced into the downward recesses35b1 of upper 
molding die 35b through the holes 26a 1 of flat plate 26a. 
In this instance, the carbon powder in the recesses 
35a 1 , 35b 1 of both the molding dies 35a and 35b is 
pressed under pressure to form the projections 26b 
passing through the holes 26a1 of flat plate 26a. For 
example, the press-forming is effected under a medium 
pressure of from 50 kgf/cm 2 to 500 kgf/cm 2 at a room 
temperature. After the press-forming, an electric current 
of 20 A to 50 A is applied between the lower and upper 
molding dies 35a and 35b at a voltage of 12 V per one 
projection 26b for about one second. At this stage, the 
binder in the projections 26b is melted by heat in a 
moment and hardened by cooling after the supply of the 
electric current is stopped. With th manufacturing 
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method, the projections 26b can be integrally formed 
with the flat plate 26a without coupling with the through 
holes 26a1 of flat plate 26a. The projections 26b of the 
same strength and hardness as those of the projections 
formed in the first manufacturing method can be formed 5 
under a lower pressure than that in th first manufactur- 
ing method. 

Claims 

10 

1. A separator for a fuel battery in which fuel gas and 
oxidizing agent gas are used as reaction gases, 
comprising a flat plate arranged to form a reaction 
chamber, a plurality of projections projected from 

the flat plate and retained in contact with an elec- 15 
trode plate of the fuel battery, wherein the projec- 
tions are made of a different kind of conductive 
material independently from the flat plate. 

2. A separator for a fuel battery as claimed in Claim 1 , 20 
wherein the projections are made of carbon. 

3. A separator for a fuel battery as claimed in Claim 1 , 
wherein the flat plate is in the form of an insulation 
plate. 25 

4. A separator for a fuel battery as claimed in Claim 1 , 
wherein the flat plate is made of synthetic resin. 

5. A separator for a fuel battery as claimed in Claim 1 , 30 
wherein the flat plate is in the form of a conductive 
plate. 

6. A separator for a fuel battery as claimed in Claim 5, 
wherein the flat plate is made of synthetic resin con- 35 
taining carbon. 

7. A fuel battery composed of at least a cell function 
assembly comprising an electrolytic membrane, a 
pair of electrode plates in contact with opposite sur- 40 
faces of the electrolytic membrane, a first separator 
placed in contact with one of the electrode plates to 
form a reaction chamber supplied with fuel gas, a 
second separator placed in contact with the other 
electrode plate to form a reaction chamber supplied 45 
with oxidizing agent gas, and a set of current-col- 
lecting plates assembled respectively in contact 
with the first separator at an outermost side of the 

cell function assembly and the second separator at 
another outermost side of the cell function assem- so 
bly, wherein the separator claimed in Claim 3 or 4 is 
used as the first and second separators. 

8. A fuel battery as claimed in Claim 7, wherein the 
current-collecting plates each are divided into a plu- 55 
rality of spaced plates. 

9. A fuel battery as claimed in Claim 7, wherein the 



14 

electrode plates each are divided into a plurality of 
spaced plates, and wherein the current-collecting 
plates each are divided into a plurality of spaced 
plates. 

10. A fuel battery composed of at least a cell function 
assembly comprising an electrolytic membrane, a 
pair of electrode plates in contact with opposite sur- 
faces of the electrolytic membrane, a first separator 
placed in contact with one of the electrode plates to 
form a reaction chamber supplied with fuel gas, a 
second separator placed in contact with the other 
electrode plate to form a reaction chamber supplied 
with oxidizing agent gas, and a set of current-col- 
lecting plates assembled respectively in contact 
with the first separator at an outermost side of the 
cell function assembly and the second separator at 
another outermost side of the cell function assem- 
bly, wherein the separator claimed in Claim 5 or 6 is 
used as the first and second separators. 

11. A manufacturing method of a separator for a fuel 
battery claimed in Claim 4 or 6, comprising a first 
process of pressing carbon powder to form the pro- 
jections, a second process of coating a sealing 
adhesive agent on a fiat plate of synthetic resin, 
and a third process of assembling the projections 
with a plurality of mounting holes formed in the flat 
plate and securing the projections in position. 

12. A manufacturing method of a separator for a fuel 
battery claimed in Claim 4 or 6, comprising a first 
process of heating carbon powder containing a 
binder under pressure to form the projections, a 
second process of coating a sealing adhesive 
agent on a flat plate of synthetic resin, and a third 
process of assembling the projections with a plural- 
ity of mounting holes formed in the flat plate and 
securing the projections in position. 

13. A manufacturing method of a separator for a fuel 
battery as claimed in Claim 12, wherein the projec- 
tions are heated by an electric current to melt the 
binder contained therein and hardened by cooling. 

14. A manufacturing method of a separator for a fuel 
battery claimed in Claim 4 or 6, comprising a first 
process of pressing carbon powder containing a 
binder to form the projections, a second process of 
assembling the projections with a plurality of 
mounting holes formed in a flat plate of synthetic 
resin, and a third process of heating the projections 
by an electric current to melt the binder contained 
therein and cooling the projections to harden them 
in position. 

15. A manufacturing method of a s parator for a fuel 
battery claimed in Claim 4 or 6, a first proc ss of 
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pressing carbon powder to form the projections 
under pressure, a second process of coupling the 
projections within corresponding recesses formed 
in each cavity of molding dies and clamping the 
dies, and a third process of injecting melted syn- 5 
thetic resin into th cavity of the molding dies in a 
clamped condition. 

16. A manufacturing method of a separator for a fuel 
battery claimed in Claim 15, wherein carbon pow- 10 
der containing a binder is heated under pressure to 
form the projections. 

17. A manufacturing method of a separator for a fuel 
battery claimed in Claim 4 or 6, comprising a first 15 
process of filling carbon powder containing a binder 

in a plurality of upward recesses formed in a lower 
molding die in such a manner as to correspond with 
the projections, a second process of positioning a 
flat plate formed with a plurality of through holes on 20 
the lower molding die in such a manner that the 
through holes of the flat plate are opposed to the 
upward recesses of the lower molding die and posi- 
tioning an upper molding die formed with a plurality 
of downward recesses on the flat plate so that the 25 
downward recesses of the upper molding die are 
opposed to the upward recesses of the lower mold- 
ing die, and a third process of pressing the carbon 
powder filled in the upward recesses of the lower 
molding die toward the upper molding die by means 30 
of pressure means disposed in each bottom of the 
upward recesses so that the projections are formed 
across the through holes of the flat plate, of heating 
under supply of an electric current to melt the 
binder contained in the projections and of cooling 35 
the projections to harden them in position. 
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Fig. 8 



First process of 
forming projections 
under pressure 



Second process of 
coating a sealing 
adhesive agent 
on a fiat plate 



Third process of 
assembling the 
projections 
with the flat plate 



X3CID: <EP 1061598A1_L> 



17 



EP 1 061 598 A1 




Fig. 10 
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